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ABSTRACT 
 
 
 
Hayat, Md Sharif A. M.S., Purdue University, August 2012. Understanding Physiological 
Responses and Development of Stress Biomarker from Tilapia Treated with Vitamin C 
During Chronic Stress Induced by Crowding. Major Professor: Ahmed Mustafa. 
 
 
 
Experiments were conducted to investigate: i) the effects of vitamin C as a 
nutraceutical in modulating stress and ii) usability of expression of the genes 
adrenocorticotropic hormone (ACTH) receptor and corticotropin releasing hormone 
(CRH) as stress biomarkers. Tilapia (Oreochromis niloticus) fingerlings were obtained 
from a local fish farm and were acclimated in the new environment for four weeks. After 
the acclimation period, fish were maintained in two different conditions - controlled and 
stressed (by crowding; density > 50 g/l). Within each condition, fish were further divided 
into two diet groups, each with two replicates, and were fed vitamin C supplemented 
(@1000 mg/kg feed) and vitamin C free feed, separately for fifteen days. Six fish from 
each group were sampled to assess the physiological parameters – plasma cortisol, blood 
glucose, plasma protein, packed cell volume, spleen somatic index, and condition factor. 
Fish in the stressed conditions showed significantly higher level (P<0.05) of plasma 
cortisol and blood glucose indicating stress, both of which were reduced when fed 
vitamin C supplemented diet. Significantly higher (P<0.05) hematocrit concentration was 
observed in the vitamin C fed group indicating better adaptation. To fulfill the second 
objective, reverse transcription-polymerase chain reactions (RT-PCR) were carried on 
mRNA collected from brain and head kidney tissues. In all samples, almost equal 
expression of β-actin, the housekeeping gene was observed. As for the two genes 
involved in stress response pathway, CRH expression was not detected in any of the 
experimental groups whereas ACTH receptors were clearly expressed in one of the
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stressed groups. Therefore, we suggest that instead of CRH, which may not be an ideal 
candidate, further research be performed to establish ACTH receptors as a genetic 
expression biomarker of stress. 
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CHAPTER 1 
  
GENERAL INTRODUCTION 
 
 
 
Nec rationem patitur, nec aequitate mitigatur nec ulla prece flectitur, populus esuriens 
A hungry people listens not to reason, not cares for justice, nor is bent by any prayers 
- Lucius Annaeus Seneca, De Brevitate Vitoe (XVIII) 
 
According to U.S. Census Bureau (2010) on March, 2012 the world population 
has crossed the landmark value of 7 billion. The increase in population maintains a 
constant upsurge of people who go to sleep every night hungry. In case of food scarcity, 
reduction in calorie intake can be adjusted by decreased physical activity, but there is no 
such comparable adaptation for low dietary protein intake. Rather, due to malnutrition, 
protein requirement is likely to increase because of acute and chronic infections.  
Children are mostly affected in cases of protein requirement failure, resulting in 
permanent stunting (Scrimshaw, 1981). According to the Food and Nutrition Board of 
Institute of Medicine (2005), dietary reference intake of protein for males older than 18 
years is 56 gram/day; while females aged 13 years and more need 46 gram/day, although 
the need shoots up during pregnancy and lactation.  
Animal proteins are regarded as top quality protein because of abundance of 
essential amino acids. Approximately one fifth of all animal proteins in the human diet 
come from the fish. According to an estimation of Food and Agriculture Organization 
(FAO, 2010), currently 120 million metric tons of fish is demanded each year for direct 
human consumption. Such high demand results in unsustainable fishing from ocean and 
freshwater natural fish stock. It might cause irreversible depletion of these natural
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sources. To ensure of food security and maintain the ecological balance of nature by 
preserving natural fish stock, commercial aquaculture is  very important.  
According to FAO (2012), aquaculture is defined as the farming of aquatic 
organisms such as fish, molluscs, crustaceans and aquatic plants by intervention in the 
rearing process to enhance production, such as regular stocking, feeding, and protection 
from predators. The term commonly refers to the cultivation of both marine and 
freshwater fish and can range from land-based to open-ocean production. To have a 
control on the production, the fish farmed are enclosed in a small limited space like 
indoor ponds, tanks, open net pens, cages, or raceways. The controlled system as opposed 
to the natural environment involves procedures like stocking, handling, sorting, 
crowding, grading, and transporting. These aquaculture procedures functions destabilize 
the homeostatic condition and therefore are termed as ‘stressors’ or ‘stress factors.’  
 Stress is defined by Hans Selye (1951) as “the sum of all physiological responses 
by which an animal tries to maintain or reestablish a normal metabolism in the face of a 
physical or chemical force.” Fish in stressed condition try to adapt with the environment 
by a series of alterations in physiological activities. Stress in fish, like other animals is 
manifested in three phases of response, known as General Adaptation Syndrome (GAS) 
(Barton & Iwama 1991). A rapid physiological response occurs in the primary phase by 
activation of neuroendocrine system releasing a number of hormones. In the secondary 
stage, the organism adapts to mitigate the effect of stressors and regain its homeostatic 
state by altering concentration of blood constituents, including metabolites and major 
ions. At the cellular level, expression of heat-shock or stress proteins alleviates the effects 
of stress. In case of the fish’s failure to reach homeostasis, due to severity or prolongation 
of stress, the tertiary phase is initiated affecting growth, disease resistance and behavior. 
Changes in physiological activities resulting from primary and secondary responses 
might lead to fish mortality. The effect of stress in tertiary phase is manifested not only 
on individuals but also on population. These three phases are also known as alarm, 
resistance and exhaustion, respectively. Although in most of the cases fish can 
successfully acclimate, it takes a toll on metabolism, growth, reproduction, and 
immunocompetence (Barton & Iwama 1991).  
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Depending on the exposure pattern stress can be acute or chronic, acute being 
short term and chronic being prolonged term. Aquaculture practices like handling, 
sorting, grading, and transporting represent acute stress. On the other hand, stocking and 
crowding are chronic in nature. In chronic stress situation, hypothalamus of fish releases 
hypothalamic factors like arginine vasotocin, isotocin, neuropeptide Y, corticotropin 
releasing hormone (CRH), thyrotropin releasing hormone (TRH), and dopamine. These 
messengers excite pituitary gland to synthesize adrenocorticotropic hormone (ACTH), 
melanophore stimulating hormone (MSH), and β-endorphin (β-END). These hormones 
induce Interrenal cells to synthesize cortisol, a steroid hormone with broad spectrum 
activities of enabling the fish adapt to stress. Its primary function is to increase blood 
sugar through gluconeogenesis and thus increase energy availability for flight or fight 
situations during stress. Activities of cortisol also include downregulation of the 
Interleukin-2 receptor (IL-2R), enhancement of glycogenolysis, and proteolysis (Barton 
& Iwama 1991). Cortisol has been linked directly with growth reduction, 
immunosuppression and declined reproductive capabilities (Bonga 1997). 
Among different stressors that challenge the aquaculture industry, crowding and 
stocking are very prominent because of their chronic nature. Stocking density of more 
than 40g/L is considered to be stressful for most teleost (Pickering 1981). Crowding 
increases the levels of biological stress of fish by increasing competition for food and 
lateral swimming space. It also results in low dissolved oxygen (DO) levels and high 
titers of ammonia and nitrites which reduces the water quality. The response mechanisms 
against even sublethal disturbances in chronic situations result a net detrimental effect on 
the fish health, and is regarded as maladaptive from the perspective of aquaculture. It is 
important to monitor the response against stress because when acclimation tolerance 
limits are crossed fish health and growth are impaired severely. Therefore cellular and 
physiological changes should be quantified and used as predictive indices for healthy fish 
farming (Wedemeyer et al.  1990). 
Biomarker is defined by Biomarkers Definitions Working Group, NIH (2001) as 
“A characteristic that is objectively measured and evaluated as an indicator of normal 
biological processes, pathogenic processes, or pharmacologic responses to a therapeutic 
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intervention.” Biomarkers can be very diverse in terms of the surrogate endpoints. By 
evaluating changes from basal range to abnormal levels as a result of exposure to a 
certain set of conditions, the effects of chemical, physical, or biological stressors can be 
assessed. At higher levels of organization changes in metabolism, physiology, 
morphology, histology, and immunology can act as biomarkers. At the subcellular level 
of organization, changes in gene and protein expression are regarded as potential 
biomarkers. Among them, roles of biotransformation enzymes and their products and 
expression of oxidative stress enzymes have been explored in ecotoxicology (Van der 
Oost et al. 2003). While studying molecular-level responses to chemical stressors, 
expression of several gene families have been studied in detail; Heat shock proteins 
(HSPs), cysteine-rich metal-binding protein Metallothionein and Cytochrome P-450 
(CYP) Monooxygenase are often used as biomarkers in ecotoxicological studies.  
Despite the effectiveness of expression biomarkers to detect chemical stressors, 
use of gene expression biomarkers is not widespread in aquaculture. Among the 
traditional biomarkers of crowding stress, plasma cortisol and glucose levels are the most 
popular indicator of chronic stressed conditions (Martinez-Porchas et al. 2009). Cortisol 
concentration in the plasma is regulated by negative feedback inhibition of both pituitary 
glands and interrenal cells. The clearance from the plasma is modulated by binding 
proteins, target tissue receptors, tissue uptake and catabolism of cortisol. So, even though 
the fish may still be responding to the stressor, plasma cortisol may fall back to the 
resting levels (Vijayan and Leatherland 1990). There are also several reported cases of 
different physiological scenarios where chronic elevation of cortisol did not occur 
significantly from the basal level even though the fish were subjected to stressors at 
critical concentration (Bonga 1997). In such cases, a negative cortisol assay result might 
be deceiving. Therefore a molecular approach to determine the stressed condition of fish 
through change in gene expression might provide to be a very useful biomarker. But to 
have a functional biomarker, it has to be made sure that the expression of the target gene 
in stressed condition is not down regulated by negative feedback inhibition. 
Chronic stress is not limited in its damaging capabilities to physiological 
conditions; it also affects negatively other conditions preventing overall wellbeing of the 
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fish. Skin, scales, and mucus of fish are the first line of defense against most pathogens as 
entrance of bacteria, parasites, fungi, toxins, and viruses is prevented by providing 
physical barriers. In the wild, these physical barriers are mostly intact and thus prevent 
invasion of pathogens. But in aquaculture the first line of defense break down relatively 
easily because of close proximity of individuals which results in collision and therefore 
abrasion. The concentrated population also favors growth and dispersal of pathogens 
(Iwama and Nakanishi 1996).  
Upon invasion of pathogens into the tissue and cells of the fish, the immune 
system is initiated by means of activation of humoral factors, such as the complement, or 
cellular mechanisms such as phagocytosis or NK cell activation. But the immune system 
of fish works in a different way than those of mammals due to the fact that fish are 
poikilothermic (Blazer 1991). Although the fish immune system consists of both adaptive 
and innate immune responses, the innate immunity predominates in fish (Verlhac and 
Gabaudan). Phagocytes play a vital role in fish innate immune responses along with the 
complement system and lysozyme. Once phagocytized, within macrophages 
microorganisms are killed by superoxide anions, hydrogen peroxide, singlet oxygen, and 
hydroxyl radicals. This mechanism is known as oxidative burst because of its 
involvement oxygen generated radicals (Erickson et al. 2000). Free oxygen radicals are 
like a two edged sword, causing severe damage to host cell and cell components while 
killing the invading pathogens. The adaptive immunity reacts slowly and is unable to 
cope with sudden changes in the environment. Occasionally, alteration in fish physiology 
due to stress increases vulnerability to disease because of reduction of resource allocation 
for the adaptive immunity. B and T lymphocytes are primary initiators of adaptive 
immune response. Both the number and functions of circulating lymphocytes are reduced 
in stressed fish and result in weakened immunity against pathogens (Pickering 1981). 
Elevated level of plasma cortisol inhibits lymphocyte stimulating factors like Interleukins 
(IL) and thus stops growth and differentiation of lymphocytes (Tripp 1987). 
The damages caused by the crowding stress and stress related diseases decrease 
farm profit as sick fish cannot be harvested and marketed. So, to boost immunity and 
prevent diseases, fish are treated with antibiotic treatments, chemical baths, 
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pharmaceutical drugs, and vaccines (Gensic et al.  2004). However these treatment 
methods are costly, hazardous for the environment and can affect other non-target 
species. Many different approaches have been explored by scientists to reduce the 
damages caused by stress in commercially grown fish. Among those the concept of 
nutraceutical is gaining widespread popularity. The term "nutraceutical" was first coined 
by Stephen DeFelice in 1989 combining the two words "nutrition" and "pharmaceutical". 
Nutraceutical is defined as "a food (or part of a food) that provides medical or health 
benefits, including the prevention and/or treatment of a disease" (Brower 1998). Use of 
different nutraceutical is gaining popularity in aquaculture because of its environmental 
and economic advantage over the other drug treatments. The current trend in aquaculture 
research is to discover new nutraceutical and their plausible positive influence on 
different commercially cultured fish species.  
Ascorbic acid or vitamin C is an important molecule for animal physiology that is 
widely being used as a nutraceutical because of its diverse role in the living system 
physiology and biochemistry. Generally fish lack the last enzyme of vitamin C 
biosynthetic pathway, L-gulonolactone oxidase, and therefore depend on feed 
supplementation (Verlhac and Gabaudan). vitamin C functions as a cofactor of many 
hydroxylating enzymes including those involved in collagen and catecholamine 
biosynthesis. So in stressful conditions depletion of ascorbic acid takes place faster than 
normal situations (Verlhac and Gabaudan). Many other physiological processes - such as 
active degradation of tyrosine, absorption of essential metals like selenium, regeneration 
of vitamin E are dependent on ascorbate. Protection of living cells from oxidative damage 
is provided by vitamin C by neutralizing the reactive oxygen species. Immune system is 
boosted by vitamin C in a number of ways – protection from free-radical mediated 
protein inactivation in macrophages, chemotaxis, stimulation in production of antibody 
and interferon, signaling of rapid proliferation of immune cells and complement 
activation (Verlhac and Gabaudan). 
As fish farming is being carried out in larger scale to feed the world population 
with quality protein, crowding has become a major issue in intense aquaculture and must 
be dealt with. To address this problem, two core components that have to be handled are: 
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correctly determining the level of stress in fish and discover a suitable array of 
nutraceuticals to mitigate detrimental effects of stress. The objectives of this study are, 
therefore, exploring the importance of vitamin C on fish in crowded stressed condition 
and initiating a quest for gene expression biomarker that would differentiate stressed 
from non-stressed state of fish. Although some studies have been performed to observe 
effect of vitamin C on fish under different stressors like low temperature; there are very 
few studies where effect of vitamin C on crowding and stocking has been explored. 
Especially, the influence of vitamin C on hypothalamic-pituitary-interrenal axis in gene 
expression level is unprecedented. 
As a model system, Tilapia (Oreochromis niloticus) was used in this study, 
because of its popularity as a farm fish worldwide. It has several attractive attributes 
like high tolerance to poor water quality and crowding, good food to body mass 
conversion ratio, a high degree of disease resistance, and a tasty white flesh. They are 
well suited to cage culture and recirculating systems (Elghobashy et al. 2008). The 
market for tilapia is astounding: In 2009, 465,953,089 metric tons of imported and 
domestically produced tilapia was consumed in United States; which generates revenue 
of $751,085,981 (Fitzsimmons et al.  2010). 
Results from this study are expected to provide some insight on gene regulation 
and expression pattern during stressed condition that might help to develop a 
commercially usable biomarker in the form of a gene chip. The knowledge expected to be 
generated from the experimentation with presence and absence of vitamin C in fish diet 
might help to correlate the effect of vitamin C on cortisol synthesis and metabolism. 
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CHAPTER 2 
 
EFFECTS OF VITAMIN C IN THE MODULATION OF STRESS 
 
 
 
Introduction 
To investigate the physiological response of Tilapia to vitamin C when induced 
by chronic stress as a result of crowding condition, several physiological biomarkers 
were used. Plasma cortisol concentration, blood glucose, total protein content, packed 
cell volume (PCV), spleen somatic index (SSI), and condition factor – all of these 
biomarkers together can depict a robust picture of physiological condition of the fish. 
One of the most commonly measured indicators of stress in fish is the 
concentration of cortisol (hydrocortisone), a principle circulating corticosteroid hormone. 
It is synthesized from cholesterol in the steroidogenic inter-renal cells of the head kidney 
region in fish (Barton and Iwama 1991). Cholesterol is transformed to pregnenolone 
when the enzyme P450 cleaves its side chain in the inner mitochondrial membrane. 
Pregnenolone is further converted into 11-deoxycortisol by steroidogenic enzymes and 
finally the enzyme 11b-hydroxylase catalyzes the formation of cortisol (Martinez-
Porchas et al. 2009). Plasma cortisol concentrations exhibit the net effect on 
physiological activities of fish during stressed situations although continuous production 
and clearance of the hormone takes place in plasma. During chronic stress, plasma 
cortisol might return back to the resting levels, but it is still a good indicator to 
differentiate stressed groups from non-stressed groups. Many existing literatures assume 
that an elevated plasma concentration of cortisol during stress is deleterious to the fish. 
But de facto a direct cause–effect relationship instead of correlation has yet to be 
established (Barton and Iwama 1991). Nevertheless, role of cortisol in gluconeogenesis, 
liver glycogen deposition, and the reduction of glucose utilization make it an important 
physiological biomarker of stress (Martinez-Porchas et al. 2009).
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component of cells and tissues. During adverse conditions involving physical damages, 
the internal tissue breakdown might cause an increase in total protein (Rufus and 
Pankhurst 1999).  Molecular chaperons can be another reason of increased synthesis of 
proteins and their release into the blood flow. Molecular chaperons like Heat Shock 
Proteins (HSPs) are specially secreted proteins during periods of stress to prevent cellular 
protein denaturation and degradation and help the damaged cells to reconstruct (Mustafa 
et al. 2000). 
Packed cell volume (PCV) is the percent ratio of the volume occupied by packed 
red blood cells to the volume of the whole blood. It is also known as hematocrit (Ht) or 
Erythrocyte Volume Fraction (EVF). A high hematocrit level might indicate amplified 
stress as stressed animals employ a higher number of red blood cells to carry oxygen to 
the vital organs to keep pace with the augmented oxygen demand. Thus the upsurge of 
numbers of red blood cells in the circulation with relation to the total blood volume 
indicates high energy utilization state of an organism (Mustafa et al. 2000).  
PCV correlates with the Spleen Somatic Index (SSI), the comparative 
measurement of spleen mass to the body mass. The spleen is the site of storage of blood 
cells and in teleost spleens contract when exposed to acute stressors (Mustafa et al. 2000). 
This contraction leads to the release of blood cells into the circulation, resulting reduction 
of SSI in an individual fish. 
Finally, an overall physiological biomarker of stress is the condition factor (CF) 
or coefficient of condition or length-weight factor (K value). It gives a general idea about 
the wellbeing of fish. Unstressed fish are expected to be more full-bodied and heavier at a 
given length. Assuming an isometric growth, i.e. the relative proportions of body length, 
height and thickness would not change in fish in similar conditions as all of these 
increases in weight, Fulton first proposed a method to measure the condition factor 
(Hartmut et al. 2000). There are different factors that might affect variation in condition 
factor such as sexual maturity, degree of nourishment, fish age, type of food, amount of 
fat reserve and degree of muscular development (Ibrahim and Burt 2000). Usually, a K 
factor should be greater than 1 and higher values indicate proportionate growth. It also 
signifies better rate of feed utilization (Ighwela et al. 2011). 
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Methods 
 
Experimental Design 
Experiments were conducted to investigate the effects of vitamin C on tilapia 
(Oreochromis niloticus). Fingerling fish were obtained from Troyer’s Farm, IN and was 
reared in recirculating aquaculture system at 81±1˚F (27±1˚C). Fish were acclimated to 
the new system for three weeks before starting the experiment as suggested by Johnsson 
et al. (2003). During this period fish were fed regular commercial feed containing 250 mg 
vitamin C per kg feed. Then they were fed control feed without any vitamin C for one 
week to allow depletion of stored vitamin C in the tissues like trunk kidney and spleen 
(Verlhac and Gabaudan). The fish were then distributed in four tanks of 100 gallon 
capacity each. Among the four, two tanks had normal fish density and two other tanks 
had crowded fish density at 50g/L. According to Schreck’s Methods for Fish Biology 
(1990), a density of more than 40 g/L is considered as stressed condition. The two tanks 
having fish density of 50g/L was marked as ‘Stressed groups’ and the other two as 
‘Unstressed groups’. A natural photoperiod of 12 light hours and 12 dark hours was 
maintained throughout the study. The tanks were checked daily to feed the fish, to clean 
the debris, and to remove dead fish if present. Water chemistry was performed every day 
to keep track of dissolved Oxygen (DO), ammonia (NH3), and pH so that a constant 
water quality can be maintained [Table 2.1]. Dissolved oxygen and pH were measured 
using YSI portable DO and pH probes, and ammonia concentration was measured using 
Tetratest® Total Ammonia kit (San Diego Pond and Garden, CA) following the 
instructions provided by the manufacturer. The fish were fed with two different feeds: 
vitamin C free feed and vitamin C supplemented feed. Thus there were four treatment 
groups: CU – Control feed (vitamin C free) Unstressed, CS - Control feed (vitamin C 
free) stressed, VU - vitamin C supplemented feed Unstressed, VS - vitamin C 
supplemented feed Stressed [Figure 2.1]. The fish were fed twice daily in an amount of 
0.5% of their average body mass, each time. The average weight of the fingerlings was 
30 gram during the beginning of the experiment and therefore 0.3 grams of feed was 
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Feed Preparation 
Diets were formulated using MIXIT-WIN 2+ (Ag Software Consultants, San 
Diego, CA) based on the essential amino acid (EAA) requirements of Nile tilapia 
(Santiago and Lovell 1988; Kasper et al. 2000). All diets contained 36% crude protein 
(CP) and 8% lipid [Table 2.2]. Availability of EAA was assumed to be 80% for all 
protein-containing ingredients. Ingredients were mixed in a Hobart mixer and pelleted 
using the chopping end attachment. Diets were air dried to a constant moisture 
concentration and stored frozen at -200C prior to feeding. vitamin C was added in the 
phosphorylated form as recommended by Verlhac and Gabaudan (undated) [Table 2.3]. 
 
Table 2.2. Composition of control experimental diet without vitamin C. 
Ingredients Percentage Desired weight 
(gm) 
Actual weight 
(gm) 
Wheat, whole 24.9 996.0 996.0 
Fish meal 30.9 1236.0 1236.0 
Soybean meal 26.6 1064.0 1064.0 
Canola oil 4.0 160.0 165.7 
Choline-Cl 2.0 80.0 80.0 
vitamin premix 0.324 13.0 13.0 
Mineral premix 8.0 320.0 320.0 
Lecithin 1.5 60.0 60.0 
Carboxymethylcellulose (CMC) 2.0 80.0 80.0 
Phosphorylated vitamin C 0 0 0 
Total 100.224% 4009 4014.7 
 
  
17 
 
Table 2.3. Composition of experimental diet with supplementary vitamin C. 
Ingredients Percentage Desired weight 
(gm) 
Actual weight 
(gm) 
Wheat, whole 24.8 992.0 992.0 
Fish meal 30.9 1236.0 1236.0 
Soybean meal 26.6 1064.0 1064.0 
Canola oil 4.0 160.0 165.7 
Choline-Cl 2.0 80.0 80.0 
vitamin premix 0.324 13.0 13.0 
Mineral premix 8.0 320.0 320.0 
Lecithin 1.5 60.0 60.0 
Carboxymethylcellulose (CMC) 2.0 80.0 80.0 
Phosphorylated vitamin C 0.1 4.0 4.0 
Total 100.224% 4009 4014.7 
 
 
Sampling 
Sampling was performed after 14 days of feeding with the experimental feed. The 
fish were starved for 12 hours before sampling. On the sampling day 3 fish were 
randomly taken from each of the two replicates of each group with the help of a dip net, 
making the number of samples to be 6 per group. As soon as they were caught, they were 
put in different marked buckets containing a lethal amount of 200mg/liter of tricaine 
methane sulfonate (MS-222) (Gensic et al. 2004) for rapid euthanization. After 
measuring weight and length, blood was taken from each fish from the caudal vein. Fish 
were then dissected to remove spleen, kidneys and brain (Gensic et al. 2004). Spleens 
were weighed for measuring spleen somatic index. The brain and kidney tissue were flash 
frozen in liquid Nitrogen and stored in -800C freezer. 
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Blood Collection 
The needle of a non-heparinized syringe was inserted in the caudal peduncle, and 
penetrated into the caudal vein to draw blood slowly. The collected blood was then used 
for measuring glucose, total protein and packed cell volume. 
 
Plasma Cortisol Concentration 
After filling the capillary tubes the remaining blood were collected in microfuge 
(Eppendorf) tubes containing no anticoagulant. They were incubated in an upright 
position at 40C overnight to allow clotting. Carefully the serum was aspirated at room 
temperature and collected into centrifuge tube, taking care not to disturb the cell layer or 
transfer any cells. The tubes containing blood were centrifuged for 15 min at 2000 RPM 
to collect the as much supernatant as possible. Because of the scarcity of serum samples, 
all the serum from one group was pooled together. Finally quantitative determination of 
cortisol in blood plasma was done by cortisol EIA Kit (Enzo Life Sciences Int’l Inc., PA) 
following a slightly modified protocol of the manufacturer. Briefly, the kit provided a 
monoclonal antibody to cortisol that bind cortisol covalently in a competitive manner. 
But instead of using 100µl of sample as suggested by the manufacturer, 10µl was used 
and a total volume of 100 µl was prepared by diluting with the assay buffer. 1/10th 
sample dilution was necessary because of high concentration of cortisol in the plasma. 
After a simultaneous incubation at room temperature the excess reagents were washed 
away and substrate was added. After a short incubation time the enzyme reaction was 
stopped and the yellow color generated was read on a SpectraCount microplate reader 
(Packard Instrument Company, Meriden, USA) at 405 nm. The measured optical density 
of the standard cortisol solution was used to formulate the following equation: 
y = - 18.99ln(x) + 185.74 
The value of percent bound, Y was put into the equation to calculate the value of 
x, the concentration of cortisol. 
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Blood Glucose 
A TRUEtrack® glucose meter (Nipro Diagnostics Inc., Osaka, Japan) was 
calibrated by inserting a test strip into the test slot. A drop of blood from the syringe was 
added on the designated area of the test strip to measure the glucose (Mustafa et al. 
2000). This method has been validated for use in glucose analysis for fish (Iwama et al. 
1995). 
 
Plasma Protein 
A handheld protein refractometer (VEEGEE Scientific Inc. Kirkland, WA) was 
used to measure plasma protein content. Using two drops of distilled water on to the 
surface of the prism the instrument was calibrated by holding it parallel to the floor so 
that the distilled water did not run off the prism. By adjusting the focus and closing the 
day light gently the machine was calibrated. Two drops of plasma from hematocrit tube 
were added on to the surface of the prism, the level of total protein was measured through 
the eyepiece (Gensic et al. 2004).  
 
Packed Cell Volume 
A single glass capillary tube was filled with blood from the syringe and then one 
end was capped with critocaps (Gensic et al. 2004). The tubes were kept standing for 15 
minutes at room temperature. After sampling all the 24 fish, the blood-filled tubes were 
centrifuged in the micro centrifuge machine for 1000g for 5 minutes, resulting separation 
of the plasma from the blood cells. The hematocrit levels were determined using Micro-
Hematocrit Capillary Tube Reader (Monoject Scientific, St. Louis, MO) after the 
centrifugation (Mustafa et al. 2000).  
 
Spleen Somatic Index (SSI) 
 After drawing the blood, every fish was dissected carefully to obtain the 
whole spleen (Gensic et al. 2004). After extraction, each spleen’s weight was measured 
using an analytical balance. The spleen somatic index was then calculated from following 
equation: SSI = (spleen weight/ body weight) × 100 
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Condition Factor 
Length and weight of each individual fish were measured using a meter scale and 
an electronic balance respectively. Then the weight and length data were used to calculate 
the condition factor (K). Using Microsoft Excel, condition factors were calculated using 
the following formula (Mustafa et al. 2000): 
Condition Factor (K) = [(Weight×100)/ (Length)3] 
 
Statistical Analysis 
The statistical analysis of the data was performed by one way analysis of variance 
(ANOVA) using Sigmaplot 11.0. A post-ANOVA comparison of multiple means was 
done by Holm-Sidak method. All the experimental groups were compared with each 
other. The graphical representation was also produced using SigmaPlot 11.0. The error 
bars within the graphs and the written data within this document are depicted as means ± 
standard errors of the means (SEM). 
 
Results 
 
Plasma Cortisol Concentration 
After two weeks, all the experimental groups had significantly different 
concentration of cortisol in blood plasma (P<0.05). The control stressed group showed 
maximum plasma cortisol concentration. The control unstressed had lower level than that 
of the control stressed group but yet it was significantly higher than the groups with 
vitamin C in their feed (P<0.05).  The unstressed fish receiving vitamin C complemented 
feed had the lowest plasma cortisol level of all [Figure 2.3]. 
 
Blood Glucose Concentration 
Significant variation in concentration of glucose in blood was observed among all 
three groups (P<0.05), the control stressed group having the highest glucose level. The 
control unstressed had no significant difference from the vitamin C stressed group. The 
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control group of unstressed fish fed with vitamin C complemented feed had the lowest 
blood glucose concentration (P<0.05) [Figure 2.4]. 
Spearman Rank Order Correlation coefficient between Glucose and cortisol is 
0.802 which delineates significant (P<0.05) positive correlation among this two 
parameters – the blood glucose increasing steadily with increase in plasma cortisol 
concentration [Figure 2.5]. An R2 value of 0.637 representing coefficient of 
determination indicates that the regression line fits the data quite well. 
 
Plasma Protein 
An overall analysis revealed significant difference (P<0.05) in total plasma 
protein content among the four experimental groups. Although not significant, the 
vitamin C supplemented groups showed lower plasma protein concentration than the 
groups without any vitamin C. Similarly the total protein amount was lower in the control 
groups than their stressed group counterparts. When compared individually, the stressed 
group without receiving any vitamin C had significantly higher (P<0.05) protein content 
in their plasma than the unstressed group receiving vitamin C supplemented feed [Figure 
2.6].  
 
Packed Cell Volume 
Among the different treatment groups, there exists a significant difference 
(p<0.05) in the percentage of packed cell volume of blood. The two groups – stressed 
and unstressed without any vitamin C in their feed had almost equal percentage of blood 
hematocrit level, which was significantly (P<0.05) lower than the stressed unit with 
vitamin C supplementation. Although the unstressed vitamin C diet group had lower 
percentage of hematocrit in their blood, it was not statistically significant [Figure 2.7].  
 
Spleen Somatic Index 
The differences of spleen somatic index among the treatment groups are not great 
enough to exclude the possibility that the difference is due to random sampling 
variability. Although a general trend was observed of the vitamin C fed groups having a 
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slightly higher SSI, it was not statistically significant. Among the two sets of non-vitamin 
C diet, the unstressed set showed reduced SSI than its stressed counterpart [Figure 2.8]. 
 
Condition Factor 
There was no significant difference in condition factors among fish groups after 
two weeks of experimentation [Figure 2.9].  
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Figure 2.3. Analysis of cortisol concentration of plasma feeding with vitamin C free and 
vitamin C supplemented feed, reared in two different conditions, controlled and stressed. 
Data are means ± SEM. Sample size is 6 fish per group. Experimental fish groups: CU - 
Control Unstressed, CS - Control stressed, VU - vitamin C Unstressed, VS - vitamin C 
stressed. Different letters indicate significant difference at P<0.05. 
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Figure 2.4. Analysis of concentration of blood glucose feeding with vitamin C free and 
vitamin C supplemented feed, reared in two different conditions, controlled and stressed. 
Data are means ± SEM. Sample size is 6 fish per group. Experimental fish groups: CU - 
Control Unstressed, CS - Control stressed, VU - vitamin C Unstressed, VS - vitamin C 
stressed. Different letters indicate significant difference at P<0.05. 
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Figure 2.5. Analysis of correlation between plasma cortisol concentrations with blood 
glucose concentrations. RS = Spearman Rank Order Correlation coefficient. R2 = 
Coefficient of determination. 
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Figure 2.6. Analysis of concentration of protein in blood plasma feeding with vitamin C 
free and vitamin C supplemented feed, reared in two different conditions, controlled and 
stressed. Data are means ± SEM. Sample size is 6 fish per group. Experimental fish 
groups: CU - Control Unstressed, CS - Control stressed, VU - vitamin C Unstressed, VS - 
vitamin C stressed. Different letters indicate significant difference at P<0.05. 
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Figure 2.7. Analysis of the percentage of packed cell volume in blood feeding with 
vitamin C free and vitamin C supplemented feed, reared in two different conditions, 
controlled and stressed. Data are means ± SEM. Sample size is 6 fish per group. 
Experimental fish groups: CU - Control Unstressed, CS - Control stressed, VU - vitamin 
C Unstressed, VS - vitamin C stressed. Different letters indicate significant difference at 
P<0.05. 
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Figure 2.8. Analysis of Spleen Somatic Index of Tilapia feeding with vitamin C free and 
vitamin C supplemented feed, reared in two different conditions, controlled and stressed. 
Data are means ± SEM. Sample size is 6 fish per group. Experimental fish groups: CU - 
Control Unstressed, CS - Control stressed, VU - vitamin C Unstressed, VS - vitamin C 
stressed. Different letters indicate significant difference at P<0.05. 
  
a
a
a
a 
29 
 
 
Experimental Groups
CU CS VU VS
C
on
di
tio
n 
fa
ct
or
0.0
0.5
1.0
1.5
2.0
2.5
 
Figure 2.9. Analysis of condition factor of Tilapia feeding with vitamin C free and 
vitamin C supplemented feed, reared in two different conditions, controlled and stressed. 
Data are means ± SEM. Sample size is 6 fish per group. Experimental fish groups: CU - 
Control Unstressed, CS - Control stressed, VU - vitamin C Unstressed, VS - vitamin C 
stressed. Different letters indicate significant difference at P<0.05.  
a
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Discussion 
In this experiment to mimic the aquaculture industry the stressed fish were kept in 
the tank with a density of 50 g/L. The significant difference in both plasma cortisol 
concentration and blood glucose level between the stressed and the unstressed groups 
implies that crowding condition exerts stress on fish [Figure 2.2 and 2.3]. This finding 
supports the finding of Rotllant and Tort (1997) when they subjected Red porgy (Pagrus 
pagrus) to 3 weeks of chronic stress by crowding. Cortisol levels return to basal level to 
avoid tissue damage, the time period varies with type of stress and fish species. Reviwers 
like Martinez-Porchas et al. (2009) has suggested that cortisol might not be very reliable 
for chronic stress. Some other stressors like Sea lice challenge in Atlantic salmon 
(Bowers et al. 2000) and organochlorine injection in rainbow trout (Benguira et al. 2002) 
also produced elevation in plasma corisol in chronic experiments. Ortuño et al. (2001) 
showed that plasma cortisol level in  Gilthead seabreams shoots up during intense short-
term crowding stress of 100 kg m-3 for 2 hours. So, these cases strengthen results from 
our experiment indicating cortisol to be a good stress biomarker induced by crowding. 
During their crowding stress experiment on Red porgy (Pagrus pagrus), Rotllant 
and Tort (1997) did not observe any significant difference in plasma glucose level. But, 
Basrur et al. (2010) observed rise in both plasma and glucose level during a repeated 
crowding stress investigation on Atlantic salmon (Salmo salar). Glucose metablosim is 
affected by cortisol concentration (Barton and Iwama 1991, Wedemeyer et al. 1990), and 
so a linear relationship is expected between this two chief stress parameters. A regression 
analysis reveals a fairly strong correlation (R2 = 0.802) between glucose and cortisol 
[Figure 2.8]. So, the primary stress response by production of hormones was responded 
by concurrent rise of blood glucose, a secondary stress response to adapt with the stressed 
situations. 
From the results of plasma cortisol concentration and blood glucose level it can be 
proposed that vitamin C helps to reduce the stress response induced by crowding. 
Vitamin C has been reported to reduce plasma cortisol level in Tilapia, Oreochromis 
niloticus exposed to cold stress (Falcon et al. 2007). We have found that vitamin C 
supplementation in an amount of 1000 mg/kg as suggested by Verlhac and Gabaudan, for 
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optimal health status in stressed fish reduces the cortisol concentration in the stressed 
group even lower than the unstressed group lacking the minimum required amount of 
dietary vitamin C. The finding that absence of ascorbate is increasing cortisol level 
somewhat contradicts Dabrowska et al. (1991), who concluded that high concentration of 
asorbate does not inhibit steroidogenesis. Ortuño et al. (2003) reported that in gilthead 
seabream, vitamin C happens to reduce glucose level in stressed groups but not cortisol. 
The drastic reduction of both glucose and cortisol in our experiment might be due to the 
fact that our control feed was totally devoid of vitamin C while in aforementioned 
researchers maintained a minimum level of ascorbate in their diet. Therefore we suggest 
that the commercial feed should have 1000 mg/kg of vitamin C supplementation instead 
of the current recommended dose of 150-250 mg/kg. 
In terms of total plasma protein, there is no significant difference between the fish 
which received vitamin C from those which did not, although the general trend showed 
higher plasma portein content within each feeding group because of the stressed 
condition [Figure 2.5]. Hardie et al. (1991) in their experiment on Atlantic salmon and 
Sealey and Gatlin (2002) while experimenting with hybrid striped bass observed no effect 
of vitamin C on plasma protein content. On the other hand pirarucu (Arapaima gigas), in 
net culture, showed elevation of plasma protein (de Menezes et al. 2006). Similar results 
were obtained by Pimpimol et al. (2012) who worked with Mekong giant catfish 
(Pangasianodon gigas). So the contradicting results might arise due to usage of different 
species and experimental settings. Even we acknowledge the fact that increase in total 
plasma protein, is an indicator of stress, it should be noted that it is a process of adaption 
to the stressed environment and vitamin C might assist the fish in this progression. 
High packed cell volume or blood hematocrit level usually indicates 
hemoconcentration due to gill damage, dehydration of polycythemia induced by stress 
(Wedemeyer et al. 1990). But we did not observe any significant difference between the 
stressed and nonstressed groups within each diet group. But we marked a significant rise 
in the vitamin C supplemented stressed group than others [Figure 2.6]. It has been 
reported by de Menezes et al. 2006 that vitamin C supplementation resulted in increase of 
Hemoglobin percentage, number of Red blood cells and packed cell volume in pirarucu 
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(Arapaima gigas). Falcon et al. (2007) demonstrated that Tilapia submitted to low 
temperature stress exhibit significantly reduced Hematocrit level when fed with vitamin 
C free diet. It has been hypothesized that impairment of iron metabolism and distribution 
due to deficiency of vitamin C might decrease RBC production (Albrektsen et al. 1988). 
As we observed from our experiment, the stressed fish group without vitamin C, despite 
having significantly higher cortisol and glucose concentration, had significantly lower 
hematocrit than their vitamin C fed counterpart. Hence the hematocrit level instead of 
acting as a stress biomarker is functioning as an indicator of adaptation.  
Both the spleen somatic index and condition factor results did not show any 
significant difference among the experimental groups[Figure 2.7 and 2.8]. There might be 
a possiblity of error during the spleen collection,as the spleen is someteimes difficult to 
differentiate and seprate from the liver. In case of the condition factor, two weeks is not 
long enough to observe substantial change in different groups. The investigation could 
have been expanded upto 8 weeks having sampling intervals after every two weeks to 
observe full effect of absence of vitamin C (Mustafa et al. 2011). To validate finding of 
this study, similar experiment can be done on salmon, which is the most cultured species 
of all (FAO 2006). 
 
Conclusion 
It can be postulated from this experiment that, vitamin C assists to reduce the 
seveirty of primary stress response of cortisol secretion and as a result diminishes 
secondary stress response, which is the blood glucose concentration. It can be also 
hypothesized that vitamin C helps fish in crowded condition to maintain a steady 
assemblage of RBC which ultimately helps them to adapt. 
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CHAPTER 3 
 
DEVELOPMENT OF STRESS BIOMARKER 
 
 
 
Introduction 
Stress genetic biomarkers have been used extensively in toxicological studies as a 
means to assess biological responses to environmental stressors, especially contaminants 
(Van der Oost 2003). To initiate the primary response, the endocrine system is induced to 
synthesize and release stress hormones like cortisol and adrenaline into the blood. Upon 
reception of stressor induced stimulation from the central nervous system, specific sets of 
genes are switched on in different tissues to signal synthesis of specific response 
hormones. The mechanisms of stress response, therefore, may be observed by assessing 
transcriptional activity of selected genes known to be regulated by environmental 
interactions, especially stressors. By measuring the level of activity of the gene 
transcripts encoding the stress hormone biosynthesis pathway, the level of stress in that 
fish can be evaluated. Thus this transcriptome analysis can be termed as stress genetic 
biomarker or expression biomarker. By understanding the responses of biomarkers an 
overall idea of stressful changes in the aquaculture environment can be detected long 
before its biological effects take toll on the organism. 
In a stressed environment, the Hypothalamo-Pituitary-Interrenal axis (HPI-axis) is 
activated, resulting in synthesis of Corticotropin-Releasing Hormone (CRH), in the 
hypothalamus, which stimulates release of Adrenocorticotropic Hormone (ACTH) from 
the pituitary. ACTH stimulates synthesis and release of cortisol from the interrenal cells 
of the head kidney (Metz et al. 2005). Restraint stress has been shown to elevate mRNA 
levels of the gene encoding CRH in carp hypothalamus and result in release of the protein 
from nerve terminals in the pituitary gland (Flik et al. 2006). So, the gene encoding CRH 
is a possible candidate for a stress gene biomarker that might show higher expression 
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receptor-like (LOC100693550) mRNA-encoded DNA sequence, (XM_003452097) using 
ApE (A Plasma Editor, v2.0.44, Wayne Davis, University of Utah). Similarly 
Oreochromis mossambicus corticotropin-releasing hormone precursor mRNA -encoded 
DNA sequence (XM_00269931458) was used to design the primers for CRH gene. 
During primer designing, the primer settings were adjusted to make sure the number of 
nucleotides are 20, melting temperature to be 580C with 60% GC content at maximum. 
After designing the primers, they were verified by Oligoanalyzer 3.1 (Integrated DNA 
Technologies, Inc. Coralville, Iowa). For the housekeeping gene, β-actin gene-specific 
primers were used from AbdEl-Rahim et al. (2010) [Table 3.1]. 
 
Table 3.1. Primers sequences used in PCR and RT-PCR. 
Gene Primer Sequence (5`–3`) 
Product 
length 
(bp) 
Annealing 
temperature 
(oC)
CRH 
F: GCG GAT CAC CTG CGA TCT AC 
R: GCA GGT GGA AGG TCA GAT CC 
182 58 
ACTH 
receptor 
F: CTG TCC TGA GGT GGT GGT TC 
R: CTT CTG AGA CCA CGC TGG AC 
249 58 
β -Actin F: TGG GGC AGT ATG GCT TGT ATG 
R: CTC TGG CAC CCT AAT CAC CTC T 
165 55 
 
 
DNA Extraction and PCR 
PCR was performed on genomic DNA to optimize reaction conditions. To obtain 
the DNA, 200 mg liter-1 of tricaine methane sulfonate (MS-222) was used to euthanize a 
single tilapia (Gensic et al. 2004). The fish was dissected and the liver isolated and stored 
in -800C. DNA was extracted from the frozen tissue using UltraClean® Tissue & Cells 
DNA Isolation Kit (MO BIO Laboratories, Inc. Carlsbad, CA) following manufacturer’s 
protocol with the following modification. The kidney and the liver, being high DNA 
content tissue, instead of the suggested 25 mg tissue as starting material, 20 mg was used. 
After extraction the purity and concentration was measured by NanoDrop 2000 (Thermo 
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Fisher Scientific Inc. Wilmington, DE) The DNA was visualized for quality by running 
in 0.7% agarose gel. The extracted DNA was stored in Milli-Q water at -200C. 
FailSafe™ PCR PreMix Selection Kit (Epicentre Biotechnologies, Madison, WI) 
was used to optimize conditions for performing PCR. In brief, the total reaction mixture 
of 25 µl consisted of FailSafe PCR 2X buffer premixes. 12.5 µl of premixes A-F were 
separately mixed with 12.5 µl of mastermix solution. The mastermix solution contained 
forward and reverse primers in a final concentration of 0.5 µM, 1.25 Units of enzyme 
mix, 240 ng of template DNA and PCR grade water. The PCR cycling parameters were 
one cycle of 980C for 2 minutes, 35 cycles of 950C for 30 s, 520C for 30 s, 720C for 20 s, 
and a final cycle of 720C for 10 minutes. A 2.0% agarose gel was run at a current of 100 
Volt for an hour and twenty minutes. Then the gel was stained with Ethidium bromide 
and viewed under UV. After doing initial PCR with all 12 different buffer premixes, only 
the one with highest yield was chosen. All the following PCRs were done with the buffer 
premix B. The PCR was repeated twice for each of the genes and assessed by gel 
electrophoresis as described above. Quick-Load® Broad Range DNA Marker (New 
England Biolabs, MA) was used as a molecular ladder to mark the size of the obtained 
bands after electrophoresis. 
 
RNA Extraction 
On the day of final sampling of the stressed tilapia, the brain and kidney tissues 
were flash frozen in liquid Nitrogen and stored in -800C freezer. Selected samples from 
each group were used for RNA extraction. A slightly modified protocol of RNeasy Plus 
Mini Kit (Qiagen Inc., CA) was used to isolate RNA from the tissues. Briefly, the lysis 
reagent was added directly into the frozen tissue. Using a disposable RNase-free pestle, 
the tissue was grinded within the tube intensively for 10 minutes for maximum 
homogenization. Then the homogenate was left for 2 minutes at room temperature to 
dissociate nucleoprotein complexes and from there on the manufacturer’s protocol was 
followed. 
After extraction of the RNA, Ambion® DNA-free™ DNase Treatment (Life 
Technologies Inc., NY) was done according to the manufacturer’s protocol to get rid of 
43 
 
any possible DNA contamination. After collecting RNA into a new tube, the purity and 
concentration was measured by NanoDrop 2000 (Thermo Fisher Scientific Inc. DE). The 
quality of the RNA was verified by agarose (2%) gel electrophoresis. 
The following PCR was performed with all the RNA samples to ensure that they 
were free of DNA contamination - 12.5 µl of Fail-Safe premix B was added into 20 µl of 
mastermix solution containing β-actin forward and reverse primers in a final 
concentration of 0.5 µM and 1.25 Units of Fail-Safe enzyme mix. The other 5 µl 
constituted 400 ng of template RNA and PCR grade water. In the thermal cycler T100 
(Bio-Rad Laboratories, CA) the PCR cycling parameters were set for - one cycle of 980C 
for 3 minutes, 40 cycles of 950C for 30 s, 520C for 30 s, 720C for 20 s, and a final cycle of 
720C for 10 minutes. The PCR products were loaded onto 2.0% agarose gel, 
electrophoresed and viewed under UV as described above. Quick-Load® Broad Range 
DNA Marker (New England Biolabs, MA) was run along with the samples during 
electrophoresis. 
 
RT-PCR 
The high quality RNA was used to synthesize cDNA amplified by SuperScript® 
III One-Step RT-PCR System with Platinum®Taq (Life Technologies Inc., NY). In brief, 
12.5 µl of the buffer 2X reaction mix was added into 20 µl of mastermix solution 
containing forward and reverse primers in a final concentration of 0.5 µM, 1.25 Units of 
‘Superscrpt III RT/Platinum Taq’ enzyme mix, 5 mM MgSO4, and PCR grade water. The 
rest 5 µl contained PCR grade water and 400 ng of template RNA from the samples B3, 
K3, B9, K9, B13, K13, B20, and K20. B indicates brain tissue while K indicates kidney 
tissue. The fish samples 3 and 13 were from unstressed groups while the samples 9 and 
20 represent the stressed groups. 
One step RT-PCR was performed to assess the level of transcripts of these genes. 
In this one step RT-PCR reaction, the thermal cycler T100 (Bio-Rad Laboratories, CA) 
was assigned to have an initial cDNA synthesis step at 500C for 30 minutes. It was 
followed by an initial denature cycle at 940C for 2 minutes. After this step, 35 
consecutive cycles of 940C for 15 s, 500C for 30 s, 680C for 20 s, and a final cycle of 
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680C for 5 minutes. The PCR products were loaded onto 2.0% agarose gel made with EZ-
Vision® In-Gel Solution, 10,000X (Amresco LLC, OH) for visualization. After 
electrophoresis of the gel at 90 Volt for 45 minutes, it was viewed under UV.  
Quick-Load® 100 bp DNA Ladder (New England Biolabs, MA) was run along 
with the samples during electrophoresis to yield 100, 200, and 300 base pair molecular 
weight markers. 
 
Results 
High quality genomic DNA was isolated from tilapia kidney and liver [Figure 
3.3]. PCR optimization was successfully done for the three primer sets – ACTH [Figure 
3.4], β-actin [Figure 3.5], and CRH [Figure 3.6] with genomic DNA. Although high 
quality RNA [Figure 3.7 (b)] was extracted with gDNA eliminated, after PCR on RNA, it 
was observed that there was DNA contamination present [Figure 3.7 (a)]. An additional 
DNase treatment resulted in clearing up of the RNA from DNA contamination [Figure 
3.8]. RT PCR of the housekeeping gene yielded desired band of 165 bp in all the 
experimental groups [Figure 3.9].  
One step reverse transcriptase PCR of the two experimental genes gave two 
opposing different results. ACTH receptor was clearly expressed in one of the stressed 
groups. A very faint expression was also observed in other experimental groups [Figure 
3.10 (a)]. CRH expression could not be seen in any of the brain tissues [Figure 3.10 (b)]. 
Further investigation of the stressed group that expressed ACTH receptor encoding gene 
did not show expression of CRH precursor mRNA neither in brain nor in kidney, while 
ACTH receptor encoding gene was expressed in both the two tissues [Figure 3.11]. 
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Figure 3.3. 0.7% agarose gel representative photograph of tilapia genomic DNA extracted 
from liver and kidney tissue. M= Quick load broad range DNA marker, K= gDNA from 
kidney, L= gDNA from Liver, Kd= gDNA from kidney diluted to 20ng/µl, Ld= gDNA 
from kidney diluted to 20ng/µl. 
 
 
M     L K   Ld       Kd 
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Figure 3.4. 2% agarose gel representative photograph of amplified PCR product of 
ACTH like receptor encoding DNA sequence segment from tilapia genomic DNA. 
Expected size is 249 base pairs.  M= Quick load broad range DNA marker, A-F= 
Different reaction buffer premixes as defined by Fail-Safe PCR kit. 
   
M  A     B     C      D        E        F 
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Figure 3.5. 2% agarose gel representative photograph of amplified PCR product of β-
actin encoding DNA sequence segment from tilapia genomic DNA. Expected size is 165 
base pairs. M= Quick load broad range DNA marker, A, B= Different reaction buffer 
premixes as defined by Fail-Safe PCR kit.  
  
M   A   B
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Figure 3.6. 2% agarose gel representative photograph of amplified PCR product of CRH 
encoding DNA sequence segment from tilapia genomic DNA. Expected size is 182 base 
pairs. M= Quick load broad range DNA marker, A-F= Different reaction buffer premixes 
as defined by Fail-Safe PCR kit.  
  
M  A  B C D  E   F 
194 bp 
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Figure 3.7. a) 2% agarose gel representative photograph of amplified PCR product of β-
actin gene DNA and RNA sequences prior to DNase treatment in tilapia. Expected size is 
165 base pairs.  b) Extracted RNA from Kidney before DNase treatment. M= Quick load 
broad range DNA marker, RK= RNA extracted from kidney tissue, RB= RNA extracted 
from brain tissue, DK= DNA extracted from kidney tissue, DB= DNA extracted from 
brain tissue, -C= Negative control without any DNA or RNA, ER= Extracted untreated 
RNA.  
 
 
M   RK      RB     DK      DB       - C      ER 
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Figure 3.8. 2% agarose gel representative photograph of amplified PCR product of β-
actin encoding RNA sequences after DNase treatment. Expected size is 165 base pairs. 
M= 100bp DNA marker; B3, B13= RNA extracted from the brain of unstressed fish; K3, 
K13= RNA extracted from the kidney of unstressed fish; B9, B20= RNA extracted from 
the brain of stressed fish; K9, K20= RNA extracted from the kidney of stressed fish; +C= 
Positive control with DNA template; -C= Negative control without any template.  
  
M    B3    K3     B9    K9   B13   K13  B20  K20    +C   -C 
200
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Figure 3.9. 2% agarose gel representative photograph of amplified RT-PCR product of β-
actin encoding mRNA sequences. Expected size is 165 base pairs. M= 100bp DNA 
marker; B3, B13= RNA extracted from the brain of unstressed fish; K3, K13= RNA 
extracted from the kidney of unstressed fish; B9, B20= RNA extracted from the brain of 
stressed fish; K9, K20= RNA extracted from the kidney of stressed fish; -C= Negative 
control without any template.  
200
100 
M     B3     K3      B9      K9      B13   K13   B20   K20    -C   
-C 
52 
 
 
 
 
Figure 3.10. 2% agarose gel representative photograph of amplified RT-PCR product of 
a) ACTH receptor encoding mRNA sequences. Expected size is 249 base pairs. b) 
Amplified RT-PCR product of CRH encoding mRNA sequences. Expected size is 182 
base pairs. M= 100bp DNA marker; B3, B13= RNA extracted from the brain of 
unstressed fish; K3, K13= RNA extracted from the kidney of unstressed fish; B9, B20= 
RNA extracted from the brain of stressed fish; K9, K20= RNA extracted from the kidney 
of stressed fish; -C= Negative control without any template.  
  
B3   K3    B9   K9   B13   K13   B20   K20   -C   M    B3    B9   B13  B20 
200
100 
ACTH CRH 
53 
 
 
 
 
Figure 3.11. 2% agarose gel representative photograph of amplified RT-PCR product of 
ACTH receptor (Expected size is 249 base pairs) and CRH encoding mRNA sequences 
(Expected size is 182 base pairs) in the vitamin C fed stressed group brain and kidney 
tissue. M= 100bp DNA marker; BA= Expression of ACTH receptor gene in brain tissue; 
BC= Expression of CRH gene in brain tissue; KA= Expression of ACTH receptor gene in 
kidney tissue; KC= Expression of CRH gene in kidney tissue; -C= Negative control 
without any template; --C= Double negative control without any template or primer. 
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Discussion 
Corticotropin-Releasing Hormone (CRH), previously named as Corticotropin-
Releasing Factor (CRF), is a peptide hormone and neurotransmitter involved in stress 
response. Belonging to corticotropin-releasing factor family, its main function is the 
stimulation of the pituitary synthesis of Adrenocorticotropic hormone (ACTH). On the 
other hand, ACTH or corticotropin, is a polypeptide tropic hormone that induces 
production and release of corticosteroids. As mentioned before, corticosteroids are 
involved in primary stress response of fish and many other animals. 
The approach to use genes involved in the stress response pathway, as in this 
experiment - CRH and ACTH as stress expression biomarkers is unique. In fact, the 
potential of stress genetic biomarkers have not been explored before to the best of our 
knowledge. There were many obstacles in this novel project including absence of any 
cloned plasmids carrying the genes. This posed as a big problem during PCR 
optimization because of absence of a proper positive control. While use of various PCR 
kits did not help much, with the help of Fail-Safe PCR kit, the conditions for PCR were 
optimized successfully. Among the other problems, low efficiency of several DNA 
isolation kits yielding poor quality of DNA might have affected PCR. The PCR products 
expressed bands of size around 600 bp, a size larger than expected. It might be because of 
presence of intron within that segment of sequence we tried to amplify. 
Genetic resources for Nile tilapia, Oreochromis niloticus are being recently 
developed as the Broad Institute (Cambridge, MA) generated and released a genome 
assembly high quality draft on January 2011. While RNA sequences from a wide 
spectrum of tissues have been completed lately (Lee et al. 2010), annotation of the whole 
genome is yet to be finished. Annotation of a genome is based on the reference genome 
sequence, which is derived from a minimal tile path assembly composed of clones that 
have been mapped and sequenced to 99.9% accuracy per 100 kb (Almeida-King et al. 
2009). To develop an expression biomarker of stress, detailed knowledge on genes, those 
which are up-regulated or down-regulated in response to stress in a tissue, is essential. 
Without elaborate information on gene expression patterns development of a genetic 
biomarker can be tricky. 
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Objective of this experiment was to subject fish to crowding stress and measure 
transcription level of ACTH and CRH genes as they are known to be responsive to 
generalized stress. By comparing the variation in current physiological biomarkers to the 
variation in gene expression, we expected to validate the authenticity of the indicator of 
stress at subcellular level. The altered transcription rate is compared to the expression rate 
of housekeeping gene, β-actin, which is synthesized in all nucleated cells as it is an 
essential element for the structure and kinetics of the cytoskeleton (Choi et al. 1991). 
Synthesis of this gene does not fluctuate much in comparison to others, and therefore is 
regarded in many laboratories as constant and secure (Thellin et al. 1999).  
It was shown in this experiment that β-actin transcription was almost equal in 
both the kidney and brain tissues in all the experimental groups. This validated the 
methods and the protocols used in this experiment. Although we did not observe steady 
expression of the ACTH gene receptors in all of the stressed groups, it might be due to 
the effect of vitamin C, which induced synthesis of the receptors enabling quicker 
adaptation of the fish. Metz et al. (2005) concluded that cortisol release in fish is 
controlled mainly by ACTH, not only in the acute, but also in the chronic phase of the 
stress response. So our finding of expression of ACTH receptors in stressed fish is 
consistent with the hypothesis of involvement of ACTH in chronic stress. 
Lu et al. (2004) demonstrated expression of the CRH gene in the caudal 
neurosecretory system (CNSS) of Euryhaline Flounder (Platichthys flesus). Similar 
results were obtained by Ando et al. (1999) who observed CRH mRNA activity in 
preoptic nucleus in rainbow trout.  But we could not demonstrate any CRH expression in 
our experiement. Pepels et al. (2004) suggested that plasma CRH levels follow a rapid 
onset and decrease of the CRH response in tilapia resembling a discrete pulse of CRH. 
We therefore, might assume that the half life of CRH mRNA was too transient to allow 
their capture within the tissue. Pepels et al. (2004) observed no increase in plasma CRH 
value after 48 hours of chronic stress. So, there is another possiblity that, there is a little 
involvement of CRH gene during final stages of chronic stress. In our experiment the 
time period of two weeks was chosen becauase in standard chronic stress experiments 
that is the lowest accepted time for the stress to be regarded as chronic. 
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Conclusion 
It would be too early to make a remark on stress genetic biomarkers. Further 
investigation is needed to establish ACTH receptors as expression biomarker – including 
increase in sample size, using annotated gene sequence and redesigning the experiment 
with a real time RT-PCR for quantitative differentiation of intensity of gene expression. 
For CRH gene, there is a very little possibility to use it as a crowding stress biomarker, 
other important hormone encoding genes of the response mechanism pathway like ACTH 
and MSH can be explored too. To elucidate the change in gene expression pattern, real 
time RT-PCR is indispensable for tracking the change of course in different time points. 
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CHAPTER 4 
 
GENERAL CONCLUSION 
 
 
 
Crowding stress as an integral part of aquaculture cannot be ignored because of its 
economic consequences. It was proved in our experiment that crowding is an intensive 
stressor to the fish which results in elevation of both plasma cortisol and blood glucose 
concentration. Neither environmental nor cost benefit analysis supports the current 
practice of antibiotic and chemical treatment as a part of disease management. The best 
way to mitigate the ill effects of chronic crowding in farms is to be proactive and to add 
supplementary nutrients in the commercial feed to prevent stress and stress induced 
consequences. 
Among many probable candidates of such nutraceuticals, vitamin C has been used 
commonly for a time being. We showed that absence of vitamin C in fish diet threatens 
the stressed fish health by making it susceptible to diseases by increasing cortisol 
concentration which is closely related to immunosuppression. Moreover, as depletion of 
vitamin C from fish tissue occurs faster in crowded condition hence there is an increased 
requirement of vitamin C in aquaculture. We observed that 1000 mg phosphorylated 
vitamin C per kilogram of fish diet helps to reduce stress response severity such as blood 
glucose and plasma cortisol. It was also presented in our experiment that the vitamin C 
enrichment further assists fish to maintain a higher number of leucocytes in the stressed 
condition. This might help them to adapt faster. As tilapia is the second most cultivated 
fish worldwide, proper vitamin C supplementation would save fortunes spend on 
medicine and other treatment procedures. 
In our quest to develop a stress biomarker, we observed that the process of 
modulating transcription rates may take place quickly to ensure adaptation to a new 
environmental stress and thus survival of the organism. In assessing crowding stress, 
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there is a bright possibility of developing stress gene biomarker using the mRNA 
sequence encoding ACTH receptors to create an easy assay procedure that will enrich 
current aquaculture techniques and thus take necessary steps to reduce stress and ensure 
proper fish health. But further research has to be done to validate use of ACTH receptors. 
Following our experimental design other genes of the stress response pathway can be 
explored too. 
